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(54) Intravascular occlusion removal device 

(57) This is a medical device. In particular, it is a sur- 
gical device usually delivered through an intravascular 
catheter. It may be used in several ways. It may, for in- 
stance, be used to open a clear passageway adjacent 
thrombus to allow both blood and medication to bypass 
the clot. It may be used to pierce and to remove throm- 
bus. These thrombus are often found in tortuous vascu- 
lature. The device includes several sections. The device 
has a core element, typically a core wire. Placed around 
the distal end of the core element is a collapsible but 
preferably self expanding cage assembly The cage as- 
sembly is preferably radio-opaque. The proximal end of 


the cage is typically is affixed to an actuator in such a 
way as to allow expansion of the cage after deployment. 
The cage assembly may have a generally conical distal 
or trailing" portion when expanded and also a proximal 
section. The cage assembly may be used for collecting 
emboli or for displacing them to allow blood flow to 
resume. The proximal section may have various uses, 
e.g., for centering the collector assembly in the vascular 
lumen or for gathering larger amounts of the targeted 
clot or to act as a passageway for fluid flow. The assem- 
bly further may have an actuator which permits or caus- 
es the collector assembly to expand after deployment. 
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Description 

RELATED APPLICATIONS 

This is a continuation-in-part of U.S. Serial No. 
08/686,304, filed July 25, 1996 entitled "MECHANICAL 
CLOT ENCASING AND REMOVAL WIRE" (Attorney 
Docket No. 29025-20174.00), and of U.S. Serial No. 
08/701,155, filed August 21, 1996, entitled "MECHAN- 
ICAL CLOT ENCASING AND REMOVAL DEVICE 
WITH OPTIONAL ROTATABLE GUIDEWIRE" (Attorney 
Docket 29025-201 74.20) the entirety of which are incor- 
porated by reference. 

FIELD OF THE INVENTION 

This is a medical device. In particular, it is a surgical 
device usually delivered through an intravascular cath- 
eter. It may be used in several ways. It may, for instance, 
be used to open a clear passageway adjacent thrombus 
to allow both blood and medication to bypass the clot. 
It may be used to pierce and to remove thrombus. These 
thrombus are often found in tortuous vasculature. The 
device includes several sections. The device has a core 
element, typically a core wire. Placed around the distal 
end of the core element is a collapsible but preferably 
self expanding cage assembly. The cage assembly is 
preferably radio-opaque. The proximal end of the cage 
is typically is affixed to an actuator in such a way as to 
allow expansion of the cage after deployment. The cage 
assembly may have a generally conical distal or "trail- 
ing" portion when expanded and also a proximal section. 
The cage assembly may be used for collecting emboli 
or for displacing them to allow blood flow to resume, ei- 
ther with or without concurrent clot-dissolving drug treat- 
ment. The proximal section may have various uses, e. 
g., for centering the collector assembly in the vascular 
lumen or for gathering larger amounts of the targeted 
clot or to act as a passageway for fluid flow. The assem- 
bly further may have an actuator which permits or caus- 
es the collector assembly to expand after deployment. 

BACKGROUND OF THE INVENTION 

This surgical device is designed to displace or to 
penetrate emboli found in the human vasculature. De- 
pending upon the chosen procedure, it is inserted into 
the region either towards the venous side of the clot or 
adjacent the clot. The cage is expanded either to dis- 
place the clot from the arterial wall and allow flow of fluid 
(i.e., blood and medications such as anti-thrombolytics 
or other lysing agents) past (or to) the formerly occluded 
site or to engage the clot for removal using the cage as 
a collector assembly, expand once past the target em- 
boli, and catch or net the embolism (or a portion of the 
embolism) for removal from patient's blood vessels. In 
some situations, the device may be used to move the 
clot to another position in the vasculature; perhaps for 


recovery using another device or to canalize the clot for 
improved blood flow. 

The use of inflatable balloons to remove emboli has 
been practiced for many years. The "Fogarty catheter" 
5 has been used, typically in the periphery, to remove clots 
from arteries found in legs and in arms, These well 
known devices have been described in some detail in 
U. S. Patent No. 3,435,826, to Fogarty and in U.S. Patent 
Nos. 4,403,612 and 3,367,101. These patents describe 

10 a balloon catheter in which a balloon material is longi- 
tudinally stretched when deflated. 

Emboli occasionally form around the valves of the 
heart and then are dislodged and follow the blood flow 
into the distal regions of the body. They are particularly 

is dangerous if the emboli passes to the brain and causes 
an embolic stroke. As will be discussed below, many 
such occlusions occur in the middle cerebral artery 
(MCA), although such is not the only site where emboli 
come to rest. Obviously, when blood flow is inhibited or 

20 cut off completely from a portion of the brain, the brain's 
oxygen supply is limited causing severe problems. 

In procedures for removing emboli using the Foga- 
rty catheter or other similar catheters, it is typical, first, 
to locate the clot using fluoroscopy. The embolectomy 

2S catheter is then inserted and directed to the clot. The 
distal tip of the balloon catheter is then carefully moved 
through the center of the clot. Once the balloon has 
passed through the distal side of the clot, the balloon is 
inflated. The balloon catheter is then gradually and gen- 

30 tly withdrawn. The balloon, in this way, acts to pull the 
clot ahead of the balloon. The majority of procedures 
using a Fogarty catheter repeat these steps until the per- 
tinent vessel is cleared of clot material. 

Such vaso-occlusions occur in a wide variety of 

35 sites within the body. The lodging of thrombus in various 
sites is complicated by the presence of atherosclerosis. 
This disease causes the vessels to become tortuous 
and narrowed. These anomalies are often considered 
to be the result of the growth of atherosclerotic plaque. 

40 Clots occurring in these diseased vessels are difficult to 
remove using balloon or Fogarty catheters. 

Removal of emboli using balloon catheters is rife 
with potential problems. One such problem occurs dur- 
ing removal of a clot. The resistance to such removal 

<s often causes the balloon portion of the catheter to evert 
over the tip of the catheter. Should the user need to par- 
tially deflate the balloon during such a deflation, the dis- 
tal tip of the balloon may become distended and angu- 
late. Another difficulty with balloon catheters is the pos- 

so sibility of damage to the intima of arteries. Inflation pres- 
sures can create forces significant enough to share such 
a vessel lining or dislodge plaque lodged on such a wall. 
In the worst case, the balloon may rupture leaving bal- 
loon portions in the bloodstream. 

55 Movement of a balloon in the MCA using only a bal- 
loon can displace the clot through more proximal 
branches into other large vessels such as the internal 
carotid artery (ICA) and then into other vessels. 
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There are a variety of different devices intended lor 
use in replacing balloon catheters and in using a device 
other than a balloon catheter in so removing the emboli. 

One such device is shown in U.S. Patent No. 
4,030,503 to Clark III. This patent describes a spiral he- 
lix affixed to the distal end of a catheter. In particular, 
the spiral helix is designed to be rotated and pushed for- 
ward through the clot. It is said that the helix screws into 
the clot, and when it is firmly embedded or is past the 
clot, the catheter is pulled out of the vessel without ro- 
tation. The catheter is said to operate like a corkscrew. 

A similar catheter is described in U.S. Patent No. 
4,706,671 to Weinrib. This catheter also has a coil sec- 
tion at its distal end. The coil section is said to be 
stretched initially into a generally linear insertion posi- 
tion for removing inwardly in a vessel. The coil member 
is then expanded into the form of a hollow conical scoop 
to then scoop clot material from the blood vessel. The 
coil member is stiffened by an internal wire which is then 
removed. The hollow passageway is then filled with a 
liquid to stiffen the coils. The coils are said to be of an 
elastomeric material. 

U.S. No. Patent 4,762,130 to Fogarty et al., de- 
scribes a helical balloon attached to the distal end of a 
catheter. The helical or bellowed balloon is maintained 
in a generally linear condition and passed into a clot. 
Once the catheter balloon within the clot is inflated, the 
balloon and adjoining clot are removed together. 

Another similar device used more to grip and shear 
atherosclerotic deposits rather than to remove thrombi 
is described in U.S. Patent No. 4,890,611 to Monfort et 
al. This device incorporates a pair of helical wires placed 
on the distal end of a wire. The flexible wire is pulled 
against a flexible catheter and the two helically config- 
ured loops expand to form a shearing apparatus. The 
totality of the apparatus is then twisted by means of a 
handle so that the pair of helically wound loops cuts 
through and is said to retain sections of plaque for re- 
moval from the vessel under treatment. 

Another thrombus extraction system is shown in U. 
S. Patent No. 5,011,488, to Ginsberg. In this device, an 
inflatable balloon having a proximal conic shape is de- 
flated and passed through a thrombus. It is then expand- 
ed and retracted so that the proximal passage pulls the 
thrombus into contact with an aspirator. The aspirator 
then removes the clot or thrombotic material from the 
vessel. 

An alternative configuration of the expandable 
member is also described in the Ginsberg patent. In this 
variation, a wire coil is attached to an extension wire 
which may be moved between an extended position and 
a retracted position. The retracted or expanded config- 
uration is illustrated to have a conical shape. The cone 
is shown to be one which has a smaller end proximally. 

U.S. Patent No. 5,112,347, to Tahcri, shows an in- 
flatable balloon type embolectomy catheter. The balloon 
has a number of fingers arranged in a leaf spring ar- 
rangement inside the balloon. The balloon is hydrauli- 


cally inflated and forms a cone after inflation. The de- 
flated device is shown in Figures 11 through 14 to be 
passed distally past an embolism before inflation. After 
inflation, the large end of the balloon collects the embo- 
5 lism as it is pulled past the appropriate site in the vessel. 
U.S. Patent No. 5,192,286, to Phan, shows a re- 
trieval catheter for removing materials from various 
body lumens. The retrieval catheter is shown to have a 
slack net which may be collapsed for passage into iu- 

10 men past the material to be collected. The net is unfold- 
ed after such passage and materials such as uretral 
stones are removed. 

U.S. Patent No. 5,411,509 to Hilal, shows an em- 
bolectomy catheter having an elastomeric foam tip at- 

'5 tached distally. The foam tip has an actuator means suit- 
able for forming the foam section both longitudinally and 
radially in response to activation of the actuation. In 
practice, the catheter tip is pressed past an embolism, 
inflated, and retracted with the clot being pushed prox- 

20 imally as retraction occurs. 

U.S. Patent No. 5,490,859, to Mische et al., shows 
an intravascular occlusion material removal device hav- ' 
ing an expandable material removal element made up 
of a number of wires passing between the two ends of 

2S such element, a catheter shaft, a drive shaft for spinning 
the material movement element within the blood vessel, 
and a collection portion placed on the material removal 
element for collecting any occlusion material removed 
by the expandable material removal element. The drive 

30 shaft may be operated by a motor connected to the drive 
shaft proximate to the proximal end of the drive shaft. 

None of these devices approximate the design of 
the device described below. 

3B SUMMARY OF THE INVENTION 

This is a surgical device usually delivered through 
an intravascular catheter. It is designed variously to dis- 
place or to pierce and remove emboli particularly when 

40 found in tortuous vasculature. 

This embolectomy device includes several sec- 
tions. First, the device has a core element. The core el- 
ement preferably has at least several major functions: 
first, the distal portion acts as a guidewire for vessel nav- 

4£ igation to the treatment site; second, the distal portion 
assists in puncturing of the clot; and third, it cooperates 
with the collection assembly during the deployment of 
that assembly. The core element may be a simple core 
wire (perhaps enhanced with an adherent braid) fixedly 

50 attached to the distal end of the cage assembly or a tu- 
bular member attached to the collection assembly hav- 
ing a removable core or guidewire in its interim. Prefer- 
ably, the core element is able to rotate freely with respect 
to collection assembly to preserve its abilities as a 

55 guidewire while preserving the cage assembly shape 
and integrity. Placed distally on the core element is a 
collapsible (but desirably) self expanding cage assem- 
bly. That cage may be fixedly or rotatably joined to the 
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core wire at the embolism collection assembly's distal 
end The cage may have a generally conical distal por- 
tion when expanded and a proximal section having var- 
ied purposes, e.g., for centering the cage assembly tn 
the vascular lumen and providing a receptacle for en- 
trapment ol the clot. Most preferred ol the designs for 
the cage assembly involves a super-elastic alloy ribbon 

or wire braid. 

The assembly further may have an actuator which 
permits or causes the collector assembly to expand after 
deployment. The actuator may be mechanical in nature 
or electrolytic, or may include a balloon. When the ac- 
tuator is mechanical, it is typically attached to the prox- 
imal end of the cage assembly to allow or cause con- 
trollable expansion of the cage assembly. 

RRIEF DESCRIPTION OF THE DRAWINGS 


Figure 1 shows a generalized schematic of a portion 
of the arterial system of the head specifying in particular 
the position of an embolism in the middle cerebral artery. 

Figure 2 is a partial view of a catheter and a gener- 
alized rendering of the inventive device. 

Figures 3A and 3B show, respectively, a side, cut 
away view of a spiral version of the device as expanded 
and as unexpanded. 

Figures 4A and 4B show, respectively, a side, cut 
away view of a double spiral version of the device as 
expanded and as unexpanded. 

Figures 5A and 5B show, respectively, side views 
of a braided version of the device as expanded and as 
unexpanded. 

Figures 6A and 6B show, respectively, side views 
of a braided version of the device having a cylindrical 
mid-section as expanded and as unexpanded. 

Figures 7A and 7B show, respectively, side views of 
a braided version of the device as expanded and as un- 
expanded having spring-assisted deployment. 

Figure 7C shows an electronically severable pint 
tor the deployment of. the device shown in Figs. 8A and 
8B. 

Figure 8A shows a close-up of braid section com- 
prised of a wrapped wire. Figure 8B shows a close-up 
ol braid section comprised of a wrapped ribbon. 

Figures 9A and 9B show, respectively, side views 
of a braided version of the device as expanded and as 
unexpanded but having an unbraided proximal portion. 

Figures 10A. 10B, and 10C show a cut away side- 
view of the inventive device utilizing a balloon as an ex- 
pansion actuator. 

Figure 1 1 shows a partial cross section of a variation 
of this invention using a tubular actuator and a supple- 
mental embolism collector assembly. 

Figure 12 shows a variation of the invention in par- 
tial cross section utilizing a braid enhanced core assem- 
bly wire. 

Figure 1 3 shows a further variation and partial cross 
section having a braid supported tubular actuator. 


Figure 14 shows in cross section a variation of the 
inventive device in which the core assembly comprises 
a tubular member attached to the distal portion of the 
cage element and having a freely moving core wire 
5 passing therethrough. 

Figures 1 5A and 1 5B are close up partial cut away 
side views of distal tips of the inventive device showing 
rotatable core assemblies. 

Figure 16 is a close up partial cut away of a distal 
to tip of the inventive device showing a desired way of fix- 
edly attaching the cage element to the core wire. 

Figures 17A and 17B show a variation of the inven- 
tive device using an electrolytically erodable link as a 
means for allowing expansion of the included cage ele- 
75 ment. 

Figures 18A and 18B show partial, cut away, side 
view and cross sectional end views of the release mech- 
anism shown in Figures 17A and 17B. 

Figures 19A, 19B, 19C, 19D, and 19E show a gen- 
20 eralized sequence of steps for use of the inventive de- 
vice to remove an embolism. 

Figures 20A-20D show a generalized sequence of 
steps for displacing a thrombus 1or restoration of flow 
past the occluded site. 

25 

ncQr.RlPTION OF THE INVENTION 


This device is a surgical implement. It is designed 
variously to move a thrombus aside and provide a fluid 
30 passageway along that thrombus or to penetrate and at 
least partially to retrieve emboli situated in human vas- 
culature. It is intended to be used rapidly as a flow res- 
toration device. Even in those instances where the em- 
bolism is not or cannot be completely removed, this m- 
35 ventive device is believed to be useful in displacing, ex- 
tracting, or removing a portion of the clot and thereby 
permitting restoration of partial blood flow. It can be used 
to move the clot to a more advantageous site in the body. 
It is suitably flexible to be placed in the distal tortuous 
40 vasculature of the brain and hence is useful in treating 
blocking emboli found there. This device can be thought 
of as a partial treatment for embolic stroke. 

As a matter of practical experience, a large propor- 
tion of emboli sloughed into the brain are seldom longer 
45 than about 1 to 2 centimeters and. for a variety of rea- 
sons both physiological and hemodynamic, settle in the 
middle cerebral artery (MCA). As is shown in Figure 1. 
the path from the site of origin of a traveling embolus -- 
often the heart - to the MCA is via the common carotid 
so artery past the branch point forming the external and in- 
ternal carotid arteries into the internal carotid artery 
(ICA). The MCA is generally considered to be the con- 
tinuation and termination of the ICA after the siphon and 
after the branching sites of a variety of other arteries, e. 
ss g the ophthalmic artery, the anterior communicating ar- 
tery the posterior communicating artery, and others^ 
The etiology of such an occlusion is varied, varying and 
complicated. The occlusion (100) is shown in the MCA 
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in Figure 1 at the noted site. 

Treatments for such embolic occlusions include 
catheterization of the patient and introduction of tissue 
plasminogen activator (TPA) or urokinase to the site of 
the occlusion. Additionally the embolic occlusion may s 
be penetrated - often with a microcatheter ~ and the 
TPA or urokinase introduced distally of the occlusion. 
Removal of the catheter provides a modest passageway 
for resumed or increased blood flow past the then-partial 
occlusion. io 

This inventive device is for the rapid restoration of 
fluid or blood flow past the occlusion. We have found 
that it can be used in a variety of ways. For instance, 
when approaching the clot from the arterial end, the de- 
vice can be used either to bypass the clot along the ves- is 
sel wall and, upon expansion of the cage assembly, to 
allow flow of blood across the occlusion using the cage 
assembly as a fluid passageway. 

Alternatively, inventive device may be used to ca- 
nalize or remove an occlusion, via the steps of penetrat- 20 
ing the occlusion, expanding a cage assembly distally 
of the embolism, and preferably removing at least a part 
of the embolism along with the cage and its attendant 
catheter. 

Figure 2 is a diagrammatic portrayal of the major 2S 
portions of a desired variation of the device and provides 
a general convention for several of the terms used here- 
in. 

The assembly typically includes a core element, of- 
ten a core wire (202), and optional coil tip (204) to pro- 30 
vide a measure of radio-opacity to the distal tip and pro- 
tect against damage to the intima, and a cage assembly 
or element (206) which may be used as an embolism 
collector made up of a generally conical portion (208) 
having a decreasing radius and an optional cylindrical 35 
portion (210). Because of the "fineness" of the device, 
the coil tip (204) may also serve the same function as a 
guidewire tip. The length of the coil tip (204) may be up 
to 4 or 5 centimeters in such cases. Further, and as is 
discussed below, the core element may be an assembly 40 
comprising a tubular member further containing a re- 
movable core or guidewire. The cage assembly (206) is 
collapsible for passage along-side of or for penetration 
and passage through the embolism and is generally serf 
expandable once it passes the embolism. Other proce- *s 
dures and devices may, obviously, be used to expand 
the cage assembly (206) and are discussed at some 
length below. The cage assembly (206) generally self- 
expands when the actuator element (212) is permitted 
to move from its introduction position to its deployment so 
position. Attached proximally to the actuator element 
(212) is a sheath (214) extending back to the catheter 
assembly (216) to the person performing the procedure. 
The catheter assembly (216) is shown with an optional 
micro-balloon (218) which may be useful in some em- ss 
bolectomy procedures, and two radio-opaque bands for 
the purpose of allowing the user to visualize the tip of 
the catheter (216) in relation to the tip coil (204) in the 


embolism to be removed. 

Figures 3A and 3B show cross-sectional side views 
of a variation of the inventive device (250). This variation 
of the inventive device (250) includes a cage assembly 
(252) having a distal conical portion (254) and a cylin- 
drical portion (256). The distal end of the distal conical 
portion (254) is fixedly attached to the core wire (258). 
Attachment may be by any convenient procedure, e.g., 
soldering, welding, gluing, etc. A preferred structure for 
such tip coil (258) is discussed below. 

The cage assembly (252) is preferably made of a 
super-elastic alloy wire or ribbon. Some stainless steels 
are suitable but the ready availability of nickel-titanium 
alloys in a wide variety of shapes and sizes makes this 
choice an easy one. In particular, we have found that 
ribbons as thin as 0.75 mils in thickness and as narrow 
as 2 mils in width are suitable for this device. Thicker 
and wider ribbons are also suitable in some instances 
as the situation requires. Preferred ribbons for the cage 
assembly (252) are between 0.75 and 1.5 mils in thick- 
ness and 3 and 7 mils in width. Most preferred are 0.8 
mils and 4 mils respectively. 

A technical basis for the term "super-elastic" is 
found in the class of nickel-titanium alloys known as 
"nitinol' -- alloys discovered by the United States Navy 
Ordnance Laboratory. These materials are discussed at 
length in U.S. Patent Nos. 3,174,851 to Buehler et al; 
3,351 ,463 to Rozner et al; and 3,753,700 to Harrison et 
al. Alloys especially suitable for this invention are those 
containing at least 1 .5% (wt) and up to about 8% (wt) or 
more, of one or more alloying members selected from 
the group consisting of vanadium, chromium, manga- 
nese, iron, and cobalt. By the term "ribbon*, we intend 
to include elongated shapes, the cross section of which 
are not square or round and may typically be rectangu- 
lar, oval, or semi-oval. They should have an aspect ratio 
of 0.5 (thickness/width) or less. 

The cage assembly (252) may be made by winding 
a ribbon onto a mandrel having exterior form to produce 
the relaxed shape found in Figure 3A. The mandrel and 
wound ribbon are preferably heated for a suitable period 
of time (e.g., 750° to 1 200° F for one-half to two hours) 
to produce an embolism cage assembly (252) which has 
the portrayed shape. For use in the MCA, the outer di- 
ameter of the device after deployment need not be any 
larger than about 3 mm. It is desirable that the collapsed 
or non-deployed device have a diameter no larger than 
about I mm. The expansion ratio between any of the de- 
ployed and deployable devices discussed herein typi- 
cally need not be any more than about 3:1 to be effective 
in the MCA. Expansion ratios between 2:1 and 10:1 are 
appropriate in this invention. These ratios are suitable 
for each variation of the invention. The invention is not 
so limited, however. 

The actuator (260) may be independently produced 
from the cage assembly (252) or may be produced in- 
tegrally with it. The sleeve (262) is attached, as appro- 
priate, to the actuator (260). Each of the cage assem- 
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blies shown herein may also be made using wires rather 
than ribbons. By "wires" we mean to include filamentary 
shapes having cross-sections where the thickness/ 
width ratio is greater than 0.5 to and including 1.0. The 
cross-sectional form may be circular, square, oval, etc. 

The cage assembly (252) is displayed in a relaxed 
or deployed condition in Figure 3A. Because the cage 
assembly (252) desirably is springy and self-expanding, 
it is allowed to expand solely due to the position of the 
actuator (260). In the actuator (260) position shown in 
Figure 3A, the cage (252) assumes the "relaxed" posi- 
tion. When the actuator (260) position is as shown in 
Figure 3B, the cage assembly (252) is pulled within 
close proximity of the core wire (258). The distal coil 
(204) is also shown in Figures 3A and 3B. Figure 3A 
shows the form of the device as it passes through the 
delivery catheter and is pressed through the embolism. 
The low profile or small cross-sectional area of the de- 
vice (250) is apparent. 

In some designs of the device, it is permissible to 
use the actuator as an active deployment element rather 
than as a mere restraint on the premature expansion of 
the cage assembly. 

Figures 4A and 4B show a cross section of another 
variation of the inventive device related to that variation 
found in Figures 3A and 3B but employing a slightly 
more complicated cage assembly. 

In particular, Figure 4A shows an inventive device 
(270) having a pair (272. 274) of counter-wound ribbons 
serving as the cage assembly (276), each of which 
counter-wound ribbon (272, 274) is similar in construc- 
tion and in materials of construction to cage assembly 
(252) in Figures 3A and 3B. Clearly the associated ele- 
ments such as actuator (276, 278), core wire (280), ac- 
tuator sheath (282), distal coil tip (284) are all similar in 
construction and use to the analogous parts found in 
Figures 3A and 3B. The variation shown in Figures 4A 
and 4B generally have the detriment of being somewhat 
thicker (or of a larger diameter) than the variations 
shown in Figures 3A and 3B. On the other hand, it may 
be expected to have a marginally higher spring rate and 
therefore self-expand more readily. The probability that 
the deployed device is centered in the chosen lumen is 
higher in the Figure 4A and 4B version as is the proba- 
bility that it will collect a higher percentage of the errant 
embolism. 

As a matter of practicality, however, the usual path 
to a position venous of the embolism will be along the 
wall of the artery. Consequently, an ability to center in 
the vessel lumen is useful when the device is used pri- 
marily for removal of the clot rather than for merely its 
displacement. 

Figures 5A and 5B show a further version of the in- 
ventive device (300) in which the simple cage assembly 
comprises instead a braid. These depictions are in side 
view. 

As may be seen in Figure 5A, when the braided 
cage assembly (302) fits tightly around the core wire 


(304) two regions (306, 308) are of differing ribbon spac- 
ing. The more distal conical section (306) is woven into 
a comparatively tighter weave than is the more proximal 
section (308). There are reasons for this difference. As 
s may be seen in Figure 5B t the tighter weaving in the 
distal section (306) is for the purpose of catching emboli 
particles which have passed through the larger windows 
of the proximal ends (308) of the cage assembly (302). 
The ribbons making up the braided embolism cage 
io assembly are preferably of the super-elastic alloys dis- 
cussed above. A minority of the ribbons may be a suit- 
able stainless steel (e.g., 304SS, 306SS, etc.) or other 
such alloy. A desirable variant is the substitution of one 
or more ribbons of the braid (or the addition of one or 
is more ribbons) with a radio-opaque material such as plat- 
inum. This obviously permits the user to visualize the 
position of the embolism cage assembly (252) during 
the clot removal procedure. 

Figure 5B shows another overall exterior profile of 
20 the cage assembly (302). The distal section (306) is not 
shaped in the same linear cone aspect depicted in the # 
earlier Figures. It should be noted that those earlier var- 
iations need not be linear as is shown there but may be 
curved in many different shapes. By "conical" or "cone* 
2S we mean simply that the tubular member forming the 
various embolism cage assemblys has a diameter 
which is larger at some position along the axis of that 
embolism cage, assembly than at the site where it joins 
the core element but without regard to the outer profile 
30 of the element. That is to say that the profile of the em- 
bolism collector assembly clement is not otherwise lim- 
ited. The profile may be linear, curved, stepped, etc. 

Returning to the Figures, Figure 5B depicts the 
cage assembly (302) after deployment. A desirable, but 
35 not a necessary, component of the assembly is the prox- 
imal ring (31 2). Proximal ring (31 2) slides axially on core 
wire (310) and may be fixed or attached to the ribbons 
of the braided cage assembly (302). Such fixed attach- 
ment enhances the tendency of the cage assembly 
40 (302) to regain its relaxed shape, it also helps maintain 
the deployed device in the center of the vessel lumen. 
Alternative structures for the actuator assembly are dis- 
cussed elsewhere. 

The remainder of the components shown in Figures 
45 5A and 5B, e.g., distal coil (314), actuators (316), etc., 
operate in the same way as the analogous components 
in the versions discussed above. 

Figures 6A and 6B show a variation (309) of the in- 
vention shown in Figures 5A and 5B having a mid sec- 
so tion (311) in the braided cage assembly (313). Figure 
6B shows the profile of the braided embolism collector 
assembly (31 3) after deployment of the device. This pro- 
file allows more predictable centering of the assembly 
in the vascular lumen after the noted deployment. As is 
55 the case with the other designs, this variation may be 
used in a smaller size to "core" an embolism rather than 
to remove the whole occlusion. 

This shape of braided cage assembly (313) is pre- 
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ferred for small vessel embolectomies. We have found 
that when using this device in a self-deploying variation, 
having a mid section (311) causes the embolism collec- 
tor assembly (31 3) to self-deploy with greater ease than 
with many of the other variations described here. s 

Figures 7A and 7B show still another variation (31 5) 
of the inventive device. This version is of the same gen- 
eral configuration as is found in Figures 5A, 5B, 6A, and 
6B in that it relies upon a multi-spacing braid as the cage 
assembly (302). The aspect of the invention to be shown 10 
in this variation is the presence of coil (317) generally 
along the exterior surface of the core element (310). 
This spring coil (317) in this figure is selected to be re- 
laxed in the profile shown in Figure 7B and, conversely, 
is in a stretched, tension condition n Figure 7A. The is 
spring coil (31 7) is attached to the cage assembly (302) 
at both its distal and proximal ends so that when the coil 
(317) is released, it aids the self-expanding cage as- 
sembly (320) to expand to the deployed condition shown 
in Figure 7B even if the device is within the embolus. 20 
Actuator lines (316) also may be used as safety means 
to collapse the collector assembly (302) should the de- 
ployment be non-advantageous. Actuator lines (316) al- 
so may be used to control the rate of spring-aided de- 
ployment expansion if such control is desired. 25 

We further contemplate the use of a spring which is 
relaxed (or under slight tension) prior to deployment and 
under compression after deployment. The actuator as- 
sembly is then used to press open and deploy the col- 
lector assembly. 30 

Figure 7C shows a close-up of a portion of one of 
the braid versions discussed above. Although the spring 
(317) of Figures 7A and 7B is shown, it is only optional 
in the discussion of the release feature shown here. This 
Figure details an exempletive electrolytically deployable as 
version of this invention. Specifically, the embolism col- 
lector assembly (302) is under contained tension as 
shown in Figure 7C. Either or both of the cage assembly 
(302) and spring (317) are in a position to expand the 
cage assembly (302) were it not for the presence of the <o 
link (321). In this version, the link (321) is electrically 
attached to the core wire (310) through connecting site 
(319). It should be pointed out that in this version, each 
member of the assembly (323) is either insulated from 
electrical contact with the surrounding blood or is of a 
more "noble* metal in the electromotive series than is 
the metallic alloy of the link (321). Insulation of the as- 
sembly (323) may be accomplished by coating in some 
appropriate fashion with an electrically non-conductive 
polymer such as polytetrafluoroethylene or polyxyxy- so 
lene. In any event, the passage of a small voltage 
through the core wire (310) to erode the link and release 
the cage assembly (302) is easily accomplished using 
the concepts discussed in U.S. Patent Nos. 5,122,136 
and 5,354,295, both to Guglielmi and Sepctka, and in ss 
5,423,829 to Pham et al. Each of these documents is 
specifically incorporated by reference. Each of these 
documents describes such a joint or link in conjunction 


with the placement of a vaso-occlusive device in a vas- 
cular site, but the principles of provoking an electrolysis 
or electro-oxidation of an erodable joint remain the same 
for the procedure described herein. It should be appar- 
ent that an electrical return path to the power supply is 
to be provided for the procedure involved with this ver- 
sion to be successful. 

As noted elsewhere, the location of the cage as- 
sembly should be visible using fluoroscopy. Various 
methods have been suggested above. One highly pre- 
ferred method is shown in Figures 8A and 8B. In es- 
sence, at least some of the elements (ribbons or wires) 
making up the cage assembly are provided with signif- 
icant radio-visibility via the placement of a radio-opaque 
covering on these elements. A metallic coating of a met- 
al having comparatively more visibility, during fluoro- 
scopic use, than stainless steel is preferred. Such met- 
als are well-known but include gold and members of the 
platinum group of the Periodic Table, e.g., platinum, pal- 
ladium, rhenium, rhodium, etc. The cage assembly 
wires or ribbons may be electroplated or otherwise pro- 
vided with a continuous coating but a thick coating may 
be had by wrapping the element with a radio-opaque 
wire or ribbon. 

Figure 8A shows a portion of a cage assembly (325) 
made up of a woven braid of wires (326) which in turn 
are tightly wrapped with radio-opaque wires (327). The 
right side of Figure 8A is a partial cut away showing the 
wires (326) below the radio-opaque wires in cross-sec- 
tion (327). 

As an example of the device shown in Figure 8A, 
we have found that nickel/titanium superelastic alloy 
wire having a diameter in the range of 0.001 " to 0.004" 
wrapped with 0.001 " to 0.002' diameter platinum wire is 
suitable and is quite visible. 

Figure 8B shows a partial cut away of a cage as- 
sembly (328) constructed of ribbon (329) as described 
above and further wrapped with radio-opaque wires 
(327). As was the case with the Figure 3A variation, the 
right side of the drawing is a partial cut away showing 
the internal ribbon (329). 

The variations of the cage assemblies shown in Fig- 
ures 8A and 8B may be used in place of any of the cage 
assemblies found elsewhere herein. 

Figures 9A and 9B show a further variation (330) of 
the inventive device utilizing a partially braided cage as- 
sembly (332). In this variation, the cage assembly (332) 
has a distal conical section (334) and a non-woven prox- 
imal section (336). Otherwise the variation is the same 
as is found Figures 5A and 5B. The generally linear rib- 
bon components of the proximal section of (336) are 
more apt to move laterally when encountering an em- 
bolic mass and to allow that mass to pass to the tightly 
woven net distal section (334) for collection. It is within 
the scope of this invention that the ribbons of the prox- 
imal section (336) be twisted ninety degrees so that the 
narrow edge of the ribbons in this region are generally 
parallel to the axis of the core wire (338) and conse- 
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quently provide a minimum surface area to the mass to 
be removed. 

Although not shown in conjunction with the Figures, 
we alternatively contemplate the use of a cylindrical mid- 
section such as is found in Fig. 6B as (31 3) in this vari- 
ation. 

Figures 10A, 10B, and 10C show a variation (350) 
of the inventive device depicting two independent con- 
cepts. First, the cage assembly (352) is braided and has 
no proximal sector. Second, the deployment is aided by 
the use of an optional micro-balloon (354). 

Specifically, cage assembly (352) is a rosebud- 
shaped braid (as shown in Figure 10B). It is maintained 
in a collapsed condition against core wire (358) by a 
number of actuators (360). The cage assembly (352) is 
constructed in the same way and using the same mate- 
rials as those braided cage assembly discussed above. 
Although the cage assembly (352) is self-expanding, 
this variation of the invention includes a micro-balloon 
(354) which is shown inflated in Figure 1 0B and deflated 
in Figure 10C. The balloon (354) may be used in this 
way to assist in the expansion of the cage assembly 
(352). Although not critical to this variation, the balloon 
may be sized so that it does not extend to the proximal 
end of the cage assembly (352). In this way the balloon 
(354) is available to hold the cage assembly (352) in the 
center of the lumen, maintain a controllable amount of 
force on the cage assembly (352) radius, and yet main- 
tain room within the proximal end of the cage assembly 
(352) for the desired embolus collection. 

Alternatively to (or in addition to) the balloon (354), 
actuator elements (360) may also be used to control the 
expansion of cage assembly (352). An axially movable 
sheath (362) may be used in conjunction with the actu- 
ator elements (360) in the manner discussed above. 

The actuator element (360), as well as each of the 
analogous elements discussed above, may either be 
very flexible in which case they are used only in tension 
to hold the cage assembly against the respective core 
wires or they may be. of such a stiffness that they may 
be used both in tension to maintain the cage assemblies 
against the core wire and then used in compression to 
assist in expansion of the cage assembly. In general, 
the choice of size of the actuator elements is a matter 
for the designer of a particular variation of this device. 
The factors entering into such a decision include such 
diverse matters as the size of the vessel to be recanal- 
ized and its tortuousity, the length of the occlusion, and 
then secondarily, the composition and size of the com- 
ponents woven into the cage assembly. 

Figure 11 shows in partial cross section a variation 
(361) of the inventive device. In particular, the figure de- 
picts two concepts which may be independently used in 
any variation of the invention. Specifically, Figure 11 
shows a structure for augmenting the distal portion of 
the cage assembly and shows a specific variation of the 
actuator assembly which eliminates the wires and rods 
shown in the variations discussed above. 


In particular, this variation (361 ) includes a cage as- 
sembly (363) and has located therein in its distal section 
an inner cage element (364). The inner cage element 
(364) is depicted as a braided member. However, it need 
5 not necessarily be a braid, it may be a non-woven fabric 
or mere filaments placed in the distal region of the cage 
assembly (363) to help with the collection of clot mate- 
rial. The inner cage element (364) may be metallic wire 
or ribbon or a natural or synthetic polymeric fiber or rib- 
io bon. It is within the scope of this invention that the inte- 
rior cage element (364) be tethered to the outer cage 
element (363) at the proximal end of the inner cage el- 
ement (364) or may be fixedly attached to the compo- 
nents of the cage assembly (363) in a variety of positions 
is throughout the assembly. It is further within the scope 
of this variation that the inner cage element (364) com- 
prise a ribbon or fibers molded or otherwise fixedly at- 
tached directly to the cage assembly (363). 

One criteria for a selection of material in placement 
20 of the inner cage assembly (364) is that it must not in- 
terfere with the deployment or expansion of the assem- 
bly after deployment. 

The placement of inner cage element (364) is im- 
portant only to the extent that it enhance the ability ol 
25 - the overall assembly to collect portions of the clot. Al- 
though Figure 11 shows the inner cage element (364) 
as extending to the distal end of cage assembly (363), 
such is not required. If the inner cage element proves to 
be too thick and causes the more distal portion of the 
30 element to become inflexible or ungainly, the most distal 
portion of the element may be omitted. Indeed we be- 
lieve that because of the natural tendency of the clot to 
be self adhering, it may not be necessary to cover the 
majority of the distal portion of the conical region of the 
35 outer cage element (363) with the inner cage element 
(364) at all. Similarly, because of the inherent consist- 
ency of the material to be removed from the arterial site, 
the proximal end of inner cage element (364) may be 
situated at a variety of sites within cage assembly (363). 
40 However, it is highly unlikely that the leading edge of 
inner cage element (364) should ever be placed as far 
proximal as the region having decreased braid spacing 
or decreased radius as the cage assembly (363) begins 
to approach actuator element (365). 
45 As noted above, the inner cage element (364) may 
be used with any variation of the invention described 
herein, Further, tubular actuator assembly (365) may be 
used with any variation of the invention shown herein. 
This variation depicts a multi-layer tubular assembly as 
so the actuator assembly (365). In particular, the inner tub- 
ing member (366) is desirably, but not necessarily, made 
of lubricious material such as polytetrafluoroethylene. 
Such a material often increases the ease with which the 
collector assembly (363) may be expanded after deploy- 
ss ment. It is not necessary, however. The inner layer (366) 
may be omitted if so desired or replaced with other less 
lubricious materials such as polyurethane, polypropyl- 
ene, polyethylene, and materials widely known and 
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used in this industry. Similarly, the outer tubing member 
(367) should suitably be ot a material which is compat- 
ible with and adherable to the inner tubing member. That 
is to say that outer tubing member (367) may be a ma- 
terial such as pofyurethane or polyethylene or polyvi- s 
nylchloride. When polytetrafluoroethylene (e.g., Teflon) 
is used as the inner member (366) and polyurethane is 
used in the outer layer (367), it is often desirable to etch 
the outer surface of tubing (366) using known etching 
techniques to provide a surface suitable tor joining to 10 
the outer polyurethane layer (367). Further it is often de- 
sirable to use a biocompatible epoxy such as TRA-CON 
TRA-BOND FDA-2 (Tra-Con, Inc. - Medford, Mass.) as 
the material which provides adherence between the out- 
er tubular member (367) and the inner tubular member is 
(366). Typically, such adhesive is necessary or desira- 
ble only in the region in which the proximal end of col- 
lection element (363) extends proximally into the region 
between the two polymeric layers. 

The core element and distal coil in this variation are 20 
as discussed elsewhere. 

Figure 12 shows a highly desirable variation (370) 
of this invention. It utilizes a core assembly made up of 
a core wire (371) and a braid member (373) which is 
adherent to the outer surface ot core wire (371 ). We 25 
have found that when designing embolectomy devices 
such as these for use in tortuous vasculature, it is diffi- 
cult to maintain the outer tubular or actuator portion 
(365) in tension against the compression of core assem- 
bly (371) without some amount of bending or helical 30 
twisting in the region of the embolism collector assem- 
bly. This twisting is obviously undesirable when placing 
the device in the vasculature in that it simply makes the 
placement that much more difficult. We have found that 
by placement of braid (373) upon core wire (371), the as 
resulting assembly has significant column and torsional 
strength particularly when compared to the interior wire 
alone. The placement of this highly preferred braid (373) 
is desirably at least from the distal end of cage assembly 
(372) to the proximal end of the element (372) during *o 
the slap of placement at the treatment site. Desirably 
(and as shown in Figure 11), the braid element (373) 
may extend at least for some distance within the lumen 
of actuator assembly (365). And indeed, the whole or 
any part of core wire (371 ) may have braid element (373) 4$ 
placed thereon. 

We have found that braid (373) is desirably of a su- 
per-elastic alloy such as makes up the braid of the cage 
assembly (372). This is not an absolutely necessary, 
but, again it is highly desirable. All or a portion of the so 
elements making up braid element (373) may be super- 
elastic alloys, stainless steels, radio-opaque materials 
such as platinum, and even organic and inorganic fibers 
or ribbons such as KEVLAR and carbon fiber. 

As is the case with the other variations of the inven- ss 
tion, the use of braid enhanced core assembly, although 
highly preferred, is optional but suitable for use with 
each of the variations. 


Figure 13 shows still another variation (380) of the 
inventive device. This Figure shows the presence of a 
braid (382) within the actuator element. The actuator el- 
ement is shown in a partial cross section and is made 
up of an inner tubing member (383), the braid member 
(382), and an outer tubing member (384). This variation 
provides lor significant kink resistance and torsional 
stiffness to the actuator assembly. This is an effective 
structure for minimizing the diameter of the actuator as- 
sembly and yet providing it with sufficient strength and 
flexibility to undertake the task of accessing clots in very 
distal and tortuous portions of the vasculature. 

In the variation shown in Figure 13, the proximal 
portion of cage assembly (372) is placed between the 
outer layer (384) and the inner layer (383). As was the 
case with the variations discussed above, that portion 
may also be glued in place but may be simply squeezed 
between the two polymeric layers for good results. It is 
also within the scope of the invention to place the prox- 
imal portion of the clot cage assembly (372) on the ex- 
terior or on the interior of a single layer of polymer and 
suitably adhere that portion of the clot collector element * 
to the tubular member. 

Figure 14 shows still another variation (386) of the 
inventive device, in this variation, the core element com- 
prises tubular member (387) which is fixedly attached 
distally to the cage assembly (372) and the core wire 
(388) is movable and removable from the lumen of tu- 
bular element (387). With this device, the attending phy- 
sician is able not only to address the clot with the device 
as has been discussed above and is discussed in more 
detail be tow, but is also able concurrently to introduce 
clot dissolving medications such as urokinase through 
the lumen of inner tubular member (387) during, before 
or after the clot is in the process of being removed. Also 
shown in Figure 14 are a number of orifices (389) locat- 
ed proximally of cage assembly (372) through which flu- 
ids such as the listed thrombolytics may pass. These 
orifices (389) may be used on any variation disclosed 
herein. Of course, the core wire (388) is typically re- 
moved so to allow maximum flow of the desired medi- 
cation. Some flow is possible in the annulus between 
core wire (388) and inner tubing member (387) but it is 
much more desirable to remove the core wire (388) prior 
to introducing the liquid treatment material into the inner 
tubular member (3 87) lumen. Because of the size of the 
devices made for use in the vascular of the brain, it is 
likely that a product designer would choose a braided 
member as the constituent of inner tubing member 
(387). Coil supported tubular members such as those 
described in U.S. Patent No. 5,454,795 and our U.S. 
Patent Application No. 08/338,018, filed November 10, 
1994, entitled "High Performance Spiral Wound Cathe- 
ter' are also excellent choices for this variation of the 
device. These braid or coil enhanced tubular members 
provide sufficient strength for the overall device (386) 
so that, when stretched, the device does not bend or 
gather a helical twist because of the inherent stresses 
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placed on portions ol the device during introduction into 
the clot area. 

Figure 15A shows a desirable variation (390) of the 
inventive device. We have observed that with a number 
of the other variations of this invention, when the core 
wire is fixedly attached to the distal end of the cage as- 
sembly, the ability to use the core wire as a guidewire is 
somewhat inhibited. That is to the say that in the instanc- 
es where the core wire or element is twisted with respect 
to the embolism cage assembly, the embolism collector 
element sometimes loses its structural integrity and be- 
comes difficult to straighten out. It is feasible to produce 
an actuator which is small enough so that the actuator 
(along with the core wire or element) may be used to 
function as a guidewire. However, a truly independent 
guidewire is often desirable. This variation (390) of the 
invention frees the core wire (391) to function as a 
guidewire without substantial fear of destroying the 
shape integrity of the embolism cage assembly (392). 
In this variation, core wire {391 ) is rotatably attached to 
embolism cage assembly (392). The core wire (391 ) ro- 
tates within distal collar (393). Distal collar (393) is fix- 
edly attached to cage assembly (392). Distal of the cage 
assembly (392) may be found a radio-opaque coil (394) 
fixedly attached to core wire (391). The outer diameter 
of radio-opaque coil (394) is larger than the inner diam- 
eter of collar element (393) and so does not pass 
• through the interior. Retainer element (395) is also fix- 
edly attached to core wire (391 ). Retainer element (395) 
limits the longitudinal or axial movement of the core wire 
(391) within a small distance through collar (393). Re- 
tainer element (395) is central to the function of main- 
taining the cage assembly (392) in a collapsed or first 
deployment shape during the time the device (390) is 
being deployed. The remainder of the elements seen in 
Figure 1 5A such as the actuator assembly (396) and the 
distal tip (397) of the device are all of the same config- 
uration as shown in the various other variations of the 
invention. It should also be noted that the core wire in 
this variation is preferably adherent to a braid (401 ) such 
as was discussed above with regard to Figures 7 A, 7B, 
and 7C. 

This variation (390) is used in the same way as is 
the variation shown in Figure 14 except that the 
guidewire is not extensile from the distal end of the de- 
vice, but it has the advantage of being potentially thinner 
than that device. 

Figure 15B shows another most desirable variation 
(399) of the inventive embolectomy device. This varia- 
tion is quite similar to that described in Figure 14A in 
that it utilizes a rotatable core wire (391) with an adher- 
ent braid (401). It also has a retainer element (395) 
which is shown to be in the form of a few turns of a radio- 
opaque coil. Added to this variation (399) are two inde- 
pendent concepts. The first, and most important of the 
two, is the use of an anti-deployment spring (403). It is 
placed on the exterior of the braided core wire (391 ) and, 
as the device (399) is deployed, the spring is in slight 


compression between the distal end of the actuator and 
the distal end of the embolism cage assembly (392). It 
tends to hold the cage assembly (392) tight against the 
core wire (391). It should be understood, of course, that 
£ this device is intended to provide a very small profile tor 
passage of the device through or by a clot. Use of the 
spring (403) provides such a low profile without further 
manipulation by the user outside the body. In this vari- 
ation, the actuator is used to compress the spring (403) 
io and deploy the cage assembly (392). 

Although the remainder of the device (399) is quite 
similar to the variation (390) shown in Figure 15 A, the 
second difference is the use of a friction reducing coil 
(405). The diameter of the coil wire used in this variation 
is is quite small, e.g., often less than 1 mm in diameter. 
This feature is only an improvement, it is not a necessary 
portion of the invention. 

Further, one might observe from Figure 1 5B that the 
independent collar (393) found in Figure 15A is elimi- 
20 nated. In this variation, the reduced diameter distal 
throat for the device (392) is instead made of the distal 
end of anti-deployment spring (403) and the distal end 
of the braid making up embolism collection device (392). 
The two components are simply held in place and a ther- 
ms moplastic is melted into their junction. A material such 
as thermoplastic polyethylene with a small amount of 
EVA functions well in this service. Other obvious joining 
techniques and materials are also suitable, e.g.. gluing, 
welding, soldering, etc. 
30 In any event, the core wire operates in precisely the 
same way as does the core/guidewire found in the var- 
iation of Figure 1 5A. It should be observed that although 
the variations shown in Figures 15A and 15B show the 
distal marker coil (394) as being closely adjacent the dis- 
ss tal or collar region of the cage assembly (392), such is 
not necessarily the case. One may produce the device 
with a core wire which does not move longitudinally with 
relation to the distal end of the cage assembly (392) or 
in certain circumstances it may be desirable to allow the 
40 core wire a significant but limited amount of longitudinal 
movement before the core wire reaches the point where 
it is able to cause the cage assembly (392) to increase 
its diameter and deploy. Said another way: the core wire 
(391) may move longitudinally within the distal end of 
45 the cage assembly (392) but may not be removed from 
within the distal end of the cage assembly (392). 

Figure 16 shows a detail of the most distal tip of the 
device and in particular depicts a desirable way to fix- 
edly attach the cage assembly to the core wire. 

The distal assembly (400) utilizes a cage assembly 
(402) which at its most distal region is held against the 
core wire (404) by a (desirably) radio-opaque coil (406). 
An atraumatic tip (408) may be placed on the tip of the 
core wire (404). The tip (408) is typically of the same 
material as is the coil (406). These various pieces of 
metal (core wire (404), coil (400), and cage assembly 
(402)) may be soldered together although other metal 
joining techniques such as brazing or welding may be 
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used. A flux is used for soldering or brazing and must 
be chosen with care to achieve the desired joint 
amongst the various differing metals and alloys. 

Figures 17A and 17B show another variation of the 
invention using electrically erodable or electrolytically 5 
erodable bands to loose the self-expandable cage as- 
sembly in place of the actuator elements or balloons. 
Figures 1 8A and 1 SB show details of one such erodable 
linkage. 

Figure 17A shows a braided cage assembly (440) 10 
held in tight compression against the core wire (442) by 
a pair of bands (444) having an electrically erodable link 
therein. Upon severing the link (shown as (444) by ex- 
ample in Figures 17A and 17B), the bands (444) open 
and the braided cage assembly (440) expands as 
shown in Figure 1 7B. This version has a number of ben- 
efits over the mechanical and hydraulic variations dis- 
cussed earlier. First, the cage assembly (440) may be 
made of material having substantially more springiness 
than normally suitable for use when using mechanical 20 
releases. This is so because the mechanical release ac- 
tuators have very little mechanical advantage in pulling 
the cage assembly down to the core wire since they run 
parallel to that core wire. Since the Stress applied to the 
actuators must be offset by one in the core wire, the core 
wire must be made larger or of stiffer material to coun- 
teract the applied stress. The various tensions also 
make the assembly somewhat stiffer and therefore more 
difficult to manipulate in tortuous passageways. 

In contrast, the bound variations shown in Figures 30 
17 A, 17B, 18 A, and 18B need not have the same axial 
mechanical strength to carry the axial stresses of the 
actuators. The core wire may then be made smaller and 
more flexible (if such flexibility is desired), and the cage 
assembly may be given more springiness than would be 35 
available in the mechanical release form. 

The detriment is that each of the elements in the 
assembly must be insulated from electrical contact with 
the bloodstream or constructed of materials which are 
more "noble" in the electromotive series than the mate- *o 
rial making up the erodable link. Insulating such compo- 
nents with coatings of PARALENE or polyfluorocarbon 
polymers is time-consuming and expensive. 

Electrolytic separation occurs after a small current 
is applied to insulated conductor (446) which is an elec- « 
trical connection with the metallic sacrificial link (not 
shown in Figures 17A and 17B). The voltage passes 
through the sacrificial link into the surrounding blood and 
other fluids and completes the circuit through the body 
Via an electrode placed, e.g., in or on the delivery cath- so 
eter. 

Two bands (444) are shown in the drawings; more 
may be desirable or only one may be needed. The 
number and design of the bands is a matter of detail for 
the device designer. ss 

One desirable design for the release bands (444) is 
shown in Figures 1 SA and 18B. The band (444) is de- 
picted as a split polymeric ring held tightly in place 


around the cage assembly (440) by a sacrificial link 
(450). The sacrificial link is, e.g., stainless steel wire of 
a diameter of about 0.001 inches and is electrically at- 
tached to an insulated power supply wire (446). The in- 
sulat ing covering (452) placed on the exterior of the core 
wire (442) may be seen in the Figures. It is within the 
scope of this invention that the distal coil tip be used as 
the return electrode completing the electrical circuit 
thiough the center of the core wire to the not seen power 
supply. Erosion of the sacrificial link allows the ring to 
open and the cage assembly to deploy. 

Figures 19A to 19E depict the generic procedural 
steps for the use of the inventive device. 

In Figure 1 9A, a catheter (600) is used to place the 
inventive device (608) just proximal of the embolism 
(604) to be removed. In this procedure, the inventive de- 
vice is used as an embolectomy device. The cage as- 
sembly (606) is held against the core wire (608). 

Figure 19B shows the penetration of the occlusion 
(604) by the embolectomy device (602) and Figure 19C 
shows the embolectomy device emerging from the distal 
end of the occlusion (604). 

Figure 19D shows a cage assembly (606) after 
completion of its self -expansion. 

Figure 1 9E shows the embolism removing device 
(602) being moved proximally to remove the embolism 
(604). 

Figures 20A-20D show a procedure for bypassing 
a clot using the inventive device. 

Figure 20A schematically depicts an artery (620) 
containing a blocking clot (622). A variation of the inven- 
tive device (624) similar to that shown in Figure 14 is 
shown in the artery (620). This variation (624) has a ro- 
tatabfe core wire (626) which is useful as a gutdewire. 
It has a woven braided cage assembly (628) and a tu- 
bular actuator (630) with orifices (632) for perfusion of 
appropriate medicines. 

Many clots such as that found at (622) will push the 
guidewire (626) aside as it contacts the clot, indeed, in 
most instances, such is preferred. The corewire (626) 
then slips along the wall of the artery (620) as the device 
(624) is advanced. 

Figure 20C shows an appropriate placement of the 
cage assembly (628) prior to deployment. The cage as- 
sembly (628) is selected so that it overlaps both ends of 
clot (622). 

Upon deployment of cage assembly (628) to its ex- 
panded shape, blood will flow from the arterial to venous 
end of the clot (622) through the lumen of the open cage 
assembly (628). Thrombolytics may be introduced 
through the orifices (632) to dissolve clot (622). It is high- 
ly desirable that the cage assembly (628) be used to 
restrain the clot (622) from movement in the vessel so 
that the thrombolytics may completely dissolve the clot 
(622) while so restrained. This procedure obviously pro- 
vides a continuing source of thrombolytics to the clot 
(622) and further provides a large clot surface area upon 
which the thrombolytics may work.. Of course, the cage 
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assembly (628) may also be used as in the procedure 
of Figures 19A-19E it so desired. 

It should be apparent that the cage assembly of this 
invention may be re-collapsed and re-deployed as nec- 
essary to displace or collect emboli as necessary or de- 
sired. 

A final note on the construction of the devices; it is 
obviously valuable to be able to ascertain the outline of 
the cage assemblys discussed above both before and 
after deployment. Consequently, the use of radio- 
opaque markers is very valuable. The design and of 
such is routine and is within the skill of an ordinary de- 
signer in this art. Similarly, obvious variants of the inven- 
tion described above arc within the scope of the inven- 
tion. This and other known or non-critical items have 
been omitted from the drawings for the sake of brevity 
and clarity of the invention disclosed here. 


Claims 

1. An embolism treatment device comprising a core 
element and a cage assembly: 

(a) said core element having a distal end and a 
proximal end and comprising at least a rotata- 
ble core wire adapted to pass through, to be 
rotatable with respect to, and to be non-remov- 
able from said cage assembly, and 

(b) said cage assembly having a distal end and 
a proximal end, and comprising a super-elastic 
alloy braid substantially coaxial to said core el- 
ement, said cage assembly coaxial to said core 
element and having a first deployment shape 
and a second larger expanded shape, said sec- 
ond larger expanded shape being different from 
the first deployment shape, and said cage as- 
sembly distal end being rotatably attached to 
said rotatable core wire. 

2. The device of claim 1 , wherein said first deployment 
shape is coaxially adjacent said core wire. 

3. The device of claim 1 or claim 2, further comprising 
an actuator element connected proximally to said 
cage assembly and wherein said cage assembly 
has a first deployment shape adjacent said core 
wire when said actuator element is in a first deploy- 
ment position and said second expanded shape 
when said actuator element is in a second deploy- 
ment position. 

4. The device of any one of the preceding claims, 
wherein the cage assembly second expanded 
shape comprises a cylindrical section between said 
distal end and said proximal end. 

5. The device of any one of the preceding claims, 


wherein the braid is relatively more tightly woven 
distally. 

6. The device of any one of the preceding claims, 
5 wherein the braid is relatively less tightly wound 

proximally. 

7. The device of any one of the preceding claims, 
wherein the cage assembly is braided proximally. 

w 

8. The device of any one of claims 1 to 6, wherein the 
cage assembly is not braided proximally. 

9. The device of any one of the preceding claims, 
is wherein the cage assembly is self-deploying. 

10. The device of any one of the preceding claims, 
wherein the cage assembly has a decreasing radius 
distally. 

20 

11. The device of any one of the preceding claims, 
wherein the core element further comprises a heli- 
cally wound radio-opaque coil fixedly attached to 
said rotatable core wire distally of the cage element. 

25 

12. The device of any one of the preceding claims, 
wherein the cage assembly comprises a nickel-tita- 
nium alloy. 

30 13. The device of any one of the preceding claims, 
wherein said cage assembly is radio-opaque under 
fluoroscopy. 

14. The device of claim 13, wherein said superelastic 
35 alloy braid is comprised of a member selected from 

the group consisting of wires and ribbons covered 
by a radio-opaque covering. 

15. The device of claim 13, wherein the radio-opaque 
40 covering comprises radio-opaque wire wrapped 

around said braid members. 

16. The device of any one of claims 1 to 12, wherein 
the cage assembly comprises a minor number of 

45 ribbons comprised of radio-opaque alloys. 

17. The device of any one of the preceding claims, 
wherein the actuator comprises a tubular member 
fixedly attached to the cage assembly. 

so 

18. The device of claim 17, wherein said tubular mem- 
ber further comprises a braid. 

19. The device of claim 18, wherein said tubular mem- 
55 ber braid comprises a super-elastic alloy. 

20. The device of any one of claims 17 to 19, wherein 
said tubular member further has an inner lumen and 
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an outer surface and has at least one fluid flow or- 
ifice from said inner lumen to said outer surface. 

21. An embolism treatment device comprising: 

5 

(a) a core element having a distal end and a 
proximal end and a longitudinal axis, and 

(b) a cage assembly comprising at least one 
spirally wound, metallic member, wherein said 
cage assembly is generally coaxial to said core 10 
element and said cage assembly has a first de- 
ployment shape and a second larger expanded 
shape different from the first deployment 
shape. 

75 

22. The device of claim 21 , wherein said cage assembly 
is fixedly attached to said core element distally. 

23. The device of claim 21 or claim 22, wherein said 
first deployment shape is adjacent said core wire. 20 

24. The device of any one of claims 21 to 23, wherein 
said second expanded shape comprises a trailing 
conical collector section. 

2S 

25. The device of any one of claims 21 to 24, further 
comprising an actuator and wherein said cage as- 
sembly has its said first deployment shape when 
said actuator is in a first deployment position and 
has its said second expanded shape when said ac- 30 
tuator is in a second deployment position. 

26. The device of any one of claims 21 to 25, wherein 
the cage assembly further comprises a cylindrical 
section proximally of said distal end. 3$ 

27. The device of any one of claims 21 to 26, wherein 
the cage assembly comprises at least two spirally 
wound superelastic alloy members selected from 

the group consisting of ribbons and wires, said *o 
members being wound respectively clockwise and 
counter-clockwise about the axis of the core wire. 


32. The device of any one of claims 21 to 31, wherein 
the actuator comprises a tubular member fixedly at- 
tached to the cage assembly. 

33. The device of any one of claims 21 to 32, wherein 
the core element further comprises a spring ele- 
ment adapted to deploy said cage assembly to its 
said second deployment shape. 

34. The device of any one of claims 21 to 33, wherein 
said cage assembly is radio-opaque under fluoros- 
copy. 

35. The device of any one of claims 21 to 34, wherein 
said spirally wound metallic member is selected 
from the group consisting of wires and ribbons cov- 
ered by a radio-opaque covering. 

36. The device of claim 35, wherein the radio-opaque 
covering comprises radio-opaque wire wrapped 
around said spirally wound metallic member. 


28. The device of any one of claims 21 to 27, wherein 

the cage assembly comprises a plurality of ribbons <s 
woven into a braid. 

29. The device of any one of claims 21 to 28, wherein 
the cage assembly is self deploying. 

so 

30. The device of any one of claims 21 to 29, wherein 
the cage assembly comprises a nickel-titanium al- 
loy. 


31. The device of any one of claims 21 to 30, wherejn 55 
the cage assembly is contained in its said first de- 
ployment shape by an elect rolytically severable 
band. 
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